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PRINCIFLES OF CHEMICOMECEANICAL AND ELECTROLYTIC METALWORKING

Engr V. Ya. Kuzel'shteyn

Chemicomgchanical Metsjiworking

The essence of chemicomechenical metalworking js the combinatica of a
chemical breakdown of a very thin surface layer »f metal with its mechanical
removal by means of = tool.

Academiclan I. V. Cretenshchikov established that the process of polishing
metals with the use of paste is a simultaneous meckanical aud chemical process.
During the precese of polishing, the film of metallic oxide, usder the sction of
the tool (polishing whzel) is removed from the surface being worked; by action
of the chemicel medium a nev f£ilm is formed, which is again cemoved. with reepect
" %o the polishing process, Grebepshchikov has established the following:

1. In order that the polished surfece have maximum smoothness and the fewest
noasitle physical flaws, it is nscessary that only the film of metallic oxide be
semoved during polishing.

2. In order that the polishing process be carried out as stated, the
polishing compounds must not cut the metal, but contribute to the forming of the
tilm and facilitate its removal. Paetes supplied by the 0T (State Optical Insti-
tute), which include in their composition surface active substances (sulfur, stearin
and other materials), contribute to the forming of the films and make removal of
them eagier,
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5 el meldls can ve yJL_u“Pu with mauerlalb soitex than themselves
{Frenzh chalk, stearin, oleic acid, red iron ocher; ammonium hydroxide, and
ctherz). : :

comachanical working of metals by means of polishing with surface
compountis has keen advanped by the use of electrolytes.

In these processes, the chemically active medium, in which the working
of metals tskes place, forms solid reaction products by interaction with the
metal. These reaction products cover the surrace being worked with a thip
layer and protect it from further chemical decomposition. The protective
layer 18 then rcmoved with a tcol and the process is repeated on the exposed
metal surface under the action of the electrolyte. Thus chemiccmechanical
working consists of the repetition of the processes of forming a proctective
layer and its removel. Inasmuch as in this process the role of the tool is
rot the <cuatting of meteol but the removal of reactiow products from the surface
being worked, the hardness of the tool is of little importance. The process
can te Larried out with tcols, the hardness of which 1s less than that cof the
metals being worked. For cxample, the hard alloy "pclLedit” is ground by com-
peratively solt sbrasives, such us emery and quartz sand. .The chemicelly active
agent in the process can be either & liquid or solid electrolyte or & ges etmos~
phere sround. the metal being worked. Nearly all polishing compounds are metal
oxides; for this reascn it can be assumed that the capacity of the metel ‘o
diss0lve in its own oxide plays an imporiunt part in the process of polishing.

The speed of mechanical working of metals in the electrolyte depends primarily
on the effect exerted by the action of galvanic microcouples or by scme other
electrolytic action on the mechanical integrisy and stability of the protective
le ere, the duration of the electrolytic action oca the metal, and the temperatures
used or encountered in the process

The effect of various electrclytes on the efficiency of the grinrding process
ig shown in the following table:

Amount of Metal Removed During Grinding of Soft
Carbon Steel, Aluminum, and Cast Iron for 30
Minutes in Various Electrolytes

Anount of Metal Removed (mg)

Electrolyte ) Steel Aluminum Cest lron
Water 16 21.6 38
§8,C03 17 18.1 26
HCI 20 22.3 4o
FesO, 19 -- 29
) _-
FeQ(SOh,3 51 51
KiFe (cN,6 48 - 56
(¥e,) 8,09 76 -- 99
Cuso, 299 20.2 250
HgNO3* 1z ~- 233
NaOH -- 56.0 --
. *i_igNO3 solution acidified with nitric acid
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The ¢ata given above show that the speed of the grinding process in most
increases in those electrolytes in which the metals corrode most actively.
ayer being built up is.characterized by considerable mechanical stability
steble bond with the materinl being ground, the speed of grinding is

Aluminum is a highly electro-negative metal; it is easily passivated

In the medium (NaOH) which dissolves aluminum oxide,
the speed of grinding is considerably increased.

There are similar date with respect to other easily passivated metals. -
The speed of grinding nickel and stainless high-chrome steel changes only slightly.
from one electrolyte to enother. Oaly in a solution of some strong oxidizing
agents, ag for example K;Fe(CN)G, does there appear any increase in t'ie $¥peed of
grinding Leing considerebly decreased after the introduchion of chamically active .,
compounds . into the abrésive suspension. ; - ‘ AT

In chemlcal methods of working, the degreée of metal remcvel changes in tiwe
in the following way: the thickness of the layer of metal being removed in the
beginning of the processes iucreases propoctionate to the duration of the process;
af'ter o certain intervel oi time, the speed cf the process falls,-and finally cecsei
because of the buildinm up of the products o reaction on the surface of the meta:
inhibiting further vene iration of the electrolytes to the metellic surface. 1In
chemicomechanical ~vhiods the praduces of reaction are continuously removed from
the surface being worked, so that the efficiency of the process is several times
higher than that of purely chemical methods. By increasing the temperature of the
electroLiyte the speed of reaction increases. By howsting the electrclyte to 65
degrees centigrade a rate which is 2.5 times as fast is achieved.

Machine Tools for Chemlcumecnanlicel Processes

Nrdinary retalworking machine tools may be used for chemicomechanical procesa-
ing. However, perts of machine tools coming in contact with the solution must be
made of chemically resistant ma.erials (acid-resisting steel, brass, textolite,
and others).

In a number of cases, special machine tools are used. The KhMZ-1 machine
tool, for example, is intenced for chemicomechanical grinding of hard alloys. The
electric motor drive has a power of 0.9 kilcwatts et 900-1,000 .cevolutions per
minute. The grinding wheel for sharpening cutiers is of acid-resistant steel,
25KnNVA, end thet for finishing, of cast iron. The lower part of the tank .s enclosed
in a heating jacket, al the bottom of whith a coil of nichrome or some other high-
resistance alloy wire 1. inserted, insulated frow tne shell by asbestos. The ends
of the coil are led out and connected w'th & 65-volt cutlet. The diameter of the
nichreme wire of the coil is 1.2 millimeters; length, 24 meters.

The tank is made from cuprite or brass. Thice cupricte kisdes are mounted
cn a ring in the annular space of the tank Tor stirrirg the abrasive suspension
during grinding. /Sketch of KhMZ-1 unit is appended:7

Grinding ilord Alloys in Electrolytic Solutions

The surface of a hard alloy in electrolvtic solutions is particularly
heterogeneous with respect to its electr~chemical p.operties. The tungsten-
cartide grains arc the electropesitive and the cobalt perticles the electronegative
centers of the swface. The activity of the zalvaric microcells must lead to a
corrosive breakdown of the cobalt bond and to exposure of the tungsten carbide grains.
In grinding, howe#er, this process should not go so far that the tuangsten carbide
greins are completely loosened by the corrosive action.

The corrosion process during grinding breaks down the stability of the sur-
face layer of the alloy to a considerable extent, thus increesing the speed of the
srinding.
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The must effective acceleranls for this process are solutions of electro-
vesitive metallic salts -- silver, copper, and mercury.  In- contact with these
ele **Oltha, the netallic cobalt present in the hard allcy dissolves, dis-
p'Lc.wL'l thie elec Lropositive meval from the solubi-m. ' Dur Ling pion mumg the
volume of the electropositive metallic gzlt ir the slectrolyte steadily decreases
while the content of cobalt salt increases; in ...er to maintasin the constant
concentration of the original electrolytic golution and hence the grindlng speed;
it is necessary to replace the spent electrolyte regularly.

@

(oI

The effectiveness of various accelerants . is given in the table below, which
shows the speed of grinding "pobedit™ ‘alloy in various electrolytes, using
emery powder on a copper grinding wheel revolving 74 rom at a surface pressure
of 240 grams per squere contimeter for 30 minutes. E

Effectiveness ot Various Accelerants

(From date of the State Optical Institute)

Electrolyte {accelerant) Quantity of Metal Removed (mg)

Water
Fey{50))4
S0y,
AgliOg
HelOy
HEO

3
CuS0, 1is of particularly great practical value in griuding hard alloys. In

contact with the solution, the surface of tihe alloy becomes covered with a thin
uabroken layer of metallic copper, which is then removed by the artion of the
sbrasive powder on the grinding wheel. Grinding hard alloys in CuSO, solution
consists of repeating the successive proccsses of corrosive destrdctiou of the
cobalt phase and tuildiag wp of the copper layer, followed by the mechanical

removal of this layer.

For grinding kard alloys. an acid-resistant steel, chemicaliy stablc in
copper sulfate solutiou, vhould be used as material for the grinding wheel.

The following table gives the chemical composition of two acid-resistant
steels suitable for grinding wheels to be used in copper sulfate solution (con-
tent in perceat):

¢ i P er Ni

C.40 .20 0. 0.35 G.5 24.0 2.0
0.55 . 1. -- 27.0 3.5

Unifermity of grinding-wheel wear is assured by reciprocal movement of the
parts being ground.
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TP the grinding vheel ig. used coubinuously P4 hours e day 1t 4ill weer o
wul at the rate of 1-1.5 millimeters per month. R '

ihe peripheral speed of the wheel should be 1.5 meters per second for
optimum efticiency, any increase inefficiency above that speed being negligible.
Thug the factor determining efficiency is the rate of the chemical reaction.
The concertration of Cusoh solution recommended is 15-20 percent; the temperature
zhould te 35-40 degrees centigrade. Size of grains in the grinding mixture,

660, - . } . SO

Chemicomechanical sh&rpening of tcols is carried out on the KhMZ-1 machine
tuols with a special *x-clamp tool-holder head in which the cutters are secwsad.
The head with the cutters fastened is placed against the grinding wheel. The
process of sharpening and stopping of the machine tocl is automstic. During
sharpening, the head, activated by means of an eccentric, performs a reciprocat-
ing motion on the surface of the grinding wheel. The time of sharpening depends
on the degree of duvllness; on the average, grinding the rear edze of new cutters
{1nitial sharpening} tekes 8-12 minutes; cutters with a dullness of 0.5 milli-
meter, 15-20 minutes; for baedly dulled cutters (1.5 miliimeters), 40 minutes.
After sharpening, the head is removed, the cutters ere washed with water, the
head again mounte” on the machine, and- the cutters are {inished. Finilshing is
performed automatically on a cast-iron wheel with a mixture »f kerosere, oleic
acid, and boron carbide. The time for finishing cuters is low in comparison
with finishing by machining. For charpening front edges, a special attachment
to the machine ir necessary; ihis is ‘a more ditricult process than the grinding
of back edges.

Chemicomechanjcal sharpening and grinding of hard alloys eliminate the need
tfor difficult-to-obtain "extru”-grade carborundum vwheels, makes possible automati-
zation of the process and high productivity of the worker (who may simultaneously
sharpen up to 60 cutters), and gives a smooth, even cutting edge on the cutter
without the merks, graduation lines, clogging, notches, or crecking, which are
unavoidable when machining. During sherpening there is no heating of the hard
&lloy, which completely remcves any danger of the blade's cracking. There is
nc need for a saw during operation. A highly skilled operator is not required.

Grinding Hlard Alloy Blades

For obteining a reliable solder it is necessary to assure compiete contact
of the blade base with the supporting surface of the cutting-tool hclder. Chemico-
wechenical grivding speeds ths working blades, improves the finish and quality
of the gsurface, makee 1t pcssible to detect defects on the blades such as porosity
and small cracks, and does not require abrasives, which are in short supply.

The blades are secured to a brass drum with a paste of wax and rosin. The
pan of the KhMZ-1 machine too) iz f£illed with an ebresive suspension consisting
of one part T-minute evrasive {porosnck-pyaiiminatu. ) plus one part of a 20-
percent cuSCa solution. The brass drum with blades is set on the grinding wheel
as before. The time for finishing one bleck of blades, depending on the degree
of unevenness, varies from 30 minutes to 2 hours. For grinding 30,000 hlades
per month one two-spindle machine tooi is required.

In grinding metal-ceramic hard alloys with emery dust and JuSO solution,

& smooth, dull surface is obtained, om which any marks, graduation lines, and
scratches are easily detected with a low-pover microgcope.
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Ordinerily, hard-alloy dies are ground with "extrs"-grade carborundum,
boron carbide powder; cr diamond dust on high-speed mackine tools (1,500-2,500
rpm). Untempered bar steel iz used for the needle-shaped grinding tool.

Chemicomechanical methods are particularly suited to the grinding »f large
dies (15-20 millimeter aperture). Grinding is done with a tapered needle-shaped
grinding tool made of cuprite, bronze, or acif-resistent steel., The die is
vaghed pericdically with hot water end checked with a standard wire for correctness
of diameter during grinding. The surface is then finished with a mixture of boron
caroide and keroseme. A precision of 0.03-0.04 millimeter is achieved. Spindle
gpeed for the grinding tool is 300 rpm. ' The electrolyte recommended is 10 grams
of abrasive powder {30-minute fraction); 10 cubic centimeters of 15-percent CuSOh
sclution; and one grem of sterch. The starch increeses the viscosity of the
mixture ~ud prevents it from running off the grinding tool.

Chesicomechenical Processing of Machinery Purts

Chemicomechauical processing is perticularly suited to verious parts of
internal-combustion englues which require precise sizing, higkly finished sur-
faces, and clece fit, Turbine,  machine~tool, locomotive, genersl repaii, and
other types of planis can use such methcds to advantege. ’ ‘
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KhMZ -1 Chemicomechanical Grinder

1. Frame with table (700 x 900 x 1,000 millimeters)
2. Disk shaft and countersheft with bearings, pulleys, aud belts

Eccentric disk

& w

Cam pin with nut

Drive rod

[¢XBERN |

Guide with bushing
Spoke

Grinding wheel

A S IR V- B |

Blade
10. Tank (380 x 145 millimeters)

11. Beating Jjacket for tank

-END -
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